Abstract: Most surgeons recommend cleft palate repair between 6 and 12 months of age. Internationally adopted patients often undergo delayed repair due to social circumstances. There are few outcomes studies on this population. We conducted a 13-year retrospective review of all patients undergoing primary cleft palate repair at a single tertiary-care academic medical center between 1993 and 2006. The primary outcome was velopharyngeal insufficiency, defined as the recommendation for corrective surgery after multiple formal speech assessments. Two hundred one patients (102 males and 99 females) were identified. One hundred eighty-three repairs were performed before 18 months of age (standard repair group). Eighteen repairs were performed after 18 months of age (delayed repair group), with international adoption being a circumstance in 16 cases. The delayed and standard repair groups were similar with regard to sex, presence of craniofacial syndrome, Veau class, cleft size and laterality, type of repair, and operating surgeon. Mean follow-up was 9.3 years, with minimum follow-up of 5.0 years. Six (33%) of 18 patients in the delayed repair group developed velopharyngeal insufficiency compared to 23 (13%) of 183 in the standard repair group (P = 0.03 by Fisher exact test). These data demonstrate that internationally adopted patients undergoing delayed palate repair suffer especially poor speech outcomes. Physiologic differences in patients undergoing late repair, as well as social factors including adaptation to a new language and culture, may be factors. Early repair should be performed when possible.
I nternationally adopted patients with cleft palate are a unique population worthy of study. 1, 2 Whereas patients in the United States typically undergo palatoplasty between 9 and 12 months of age, 3 or at the latest before 18 months of age, 4 social circumstances often result in delayed repair for internationally adopted patients. In addition, adopted patients and their families undergo additional challenges in that they are forming new relationships within the family and that patients must adapt to a new language and culture. 1, 2 Outcomes studies for internationally adopted patients with cleft palate are extremely rare. In our literature search, we have not found any studies from the United States. However, 1 study from Europe found that adopted patients with cleft palate had a higher rate of fistula compared to the native patient population. 1 However, the adopted patients in this study also had a greater proportion of bilateral clefts, a factor known to be associated with worse outcomes. 5 More studies are needed to understand the outcomes seen in internationally adopted patients with cleft palate.
The optimal timing of cleft palate repair has been a matter of discussion for some time. It is widely thought that early repair benefits speech development, and that late repair benefits maxillofacial growth at the expense of speech. 6, 7 However, rigorous evidence to support this theory is limited. Two studies from the 1980s are commonly cited as the primary evidence for supporting the benefits of early palate repair, 8, 9 but these studies lack methodological rigor by modern standards. No well-designed study has yet demonstrated a clear advantage of any specific age cutoff by which the palate should be repaired. Perhaps due to lack of conclusive evidence, there is currently no consensus statement or professional society recommendation advocating cleft repair by any specific age cutoff. The best recommendations available in the literature are expert opinion (level V evidence). The authors seem to agree on some time ''before two years of age'' 3,4 but anywhere from an ''18-month ceiling'' 4 to ''between 9 and 12 months of age'' 3 have been reported as goals for the ideal age at which to perform the repair. In the case of adopted children, there is also debate as to whether repair should be delayed to allow bonding between the adoptive child and parents before the first operation. 1 Because 18 months of age has been established as the standard for repair, one could not ethically design a prospective study to examine the effects of late repair. Opportunities to learn from laterepair subjects are rare. However, in our practice, we often encounter internationally adopted patients who are not evaluated for cleft palate repair until well after 18 months of age. This has given us the opportunity to observe the outcomes of late cleft palate repairs in these patients and compare them to the results we see in children who undergo earlier repair.
MATERIALS AND METHODS

Study Design and Recruitment
This retrospective observational study was approved by our institutional review board. All patients who underwent primary repair of a cleft palate at our institution between January 1993 and December 2006 were included in the study. The study cutoff date of 2006 was chosen to ensure that all patients had at least 5 years of speech follow-up. Patients with submucous cleft palates or clefts involving only the anterior portion of the hard palate were excluded. Patients who presented to our institution for revision after undergoing a primary cleft palate repair elsewhere were not included.
For each patient included in the study, the following patient characteristics were recorded: age at time of repair, sex, associated craniofacial conditions and syndromes, Veau classification of cleft, side of cleft lip when present, and treating surgeon. In cases where the cleft was repaired after 18 months of age (delayed repair group), the reason for the delay in treatment was recorded. Patients undergoing cleft palate repair before 18 months of age comprised the standard repair group.
The primary outcome, presence or absence of velopharyngeal insufficiency (VPI), was recorded for each patient. Patients were evaluated over multiple visits for the production of sufficient intraoral pressure for articulation purposes and for their degree of nasal resonance, both with and without the nares occluded. Patients were also observed for the presence of nasal air emission during speech sound production. Individuals with repeated speech difficulties and resonance changes consistent with the diagnosis of VPI despite speech therapy were recommended for corrective surgery. An additional objective modality, such as nasoendoscopy or videofluroroscopy, was used for some patients to confirm the diagnosis. The type of surgery used to treat VPI and the time between cleft palate repair and VPI surgery was recorded in each case. The presence or absence of a palatal fistula after palatoplasty was recorded as a secondary outcome. In cases where a fistula was present, the management of this fistula was noted.
All patient charts were reviewed after January 1, 2012, to ensure a minimum follow-up period of 5 years. This was done to ensure that nearly all patients who are going to develop VPI have been given a chance to do so, and that we are not ''undercounting'' VPI diagnoses due to an insufficient follow-up period. Mean follow-up was 9.3 years.
Study Population
Two hundred one patients underwent primary repair of a cleft palate during the study period. One hundred eighty-three repairs were performed before 18 months of age (range, 2.5Y17.9 months of age at time of repair), and 18 repairs were performed after 18 months of age (range, 18.5Y65.9 months of age). Sixteen of the patients were internationally adopted (12 cases from China and 1 each from Korea, Cambodia, Guatemala, and Kazakhstan). In 1 case, cleft palate repair was delayed to accommodate treatment of other medical problems (VACTERL syndrome), and in 1 case repair was delayed due to poor compliance with follow-up. Patient characteristics of the standard repair and delayed repair groups are shown in Table 1 . In addition to 14 cases of Pierre Robin sequence, associated craniofacial conditions in the standard repair group included 2 cases of velocardiofacial syndrome and 1 case each of the following: Van der Woude syndrome, Pallister-Killian syndrome, Treacher Collins syndrome, metopic craniosynostosis, Loeys-Dietz syndrome, Nager acrofacial dysostosis, Duane syndrome, and Mobius syndrome. Meanwhile, the delayed repair group included 1 patient with Pierre Robin sequence and 1 patient with Kabuki syndrome. There was no significant difference between the groups (P G 0.05) with respect to sex, presence of Pierre Robin sequence or other associated craniofacial conditions, Veau classification, or treating surgeon.
Operative Technique
All cleft palate repairs except one were performed by one of the 2 senior authors (C.V.K. or R.J.R.). All repairs were performed in a single stage. For the most part, a von Langenbeck repair, Furlow, or a 2-f lap palatoplasty was performed. The tensor tendons were released when necessary to facilitate a tension-free repair. An intravelar veloplasty and closure of 3 layers (nasal mucosa, muscle, and oral mucosa) was always performed. Vomer f laps were used frequently when additional tissue was needed to complete nasal mucosa closure. In more recent years, an interpositional piece of acellular dermal matrix (AlloDerm; Lifecell, Inc) was used when a tension-free nasal mucosal repair could not be otherwise achieved or the nasal repair was tenuous.
Follow-up and VPI Diagnosis
After palate repair, patients were followed up closely at our institution's multidisciplinary cleft clinic. Each child was followed up depending on the need identified by the team ranging from every 6 months to every year. Patients were perceptually evaluated by an experienced speech-language pathologist over multiple visits for intraoral pressure and intraoral airstream sound productions, degree of nasal resonance with and without nares occluded, and presence or absence of nasal air emission during speech sound production, including the presence or absence of fogging on a dental mirror. The perceptual assessment was completed when there was sufficient sound production and expressive language skills to adequately judge the child's skills, which generally was at the age of 5 years. In addition to follow-up at the cleft clinic, patients underwent individualized speech-language therapy sessions ranging in frequency from weekly to monthly intervention in both individual and group treatment sessions. Progress reports from these sessions were forwarded to our clinic's senior speech-language pathologists for review. Individuals with repeated speech difficulties and resonance changes consistent with the diagnosis of VPI despite speech-language therapy were recommended for corrective surgery. Additional objective modalities (nasoendoscopy) helped confirm the perceptual assessment diagnosis for some patients but were primarily used for surgical planning.
Statistical Analyses
Descriptive statistics are presented as mean (SD) unless otherwise specified. The Fisher exact probability test was used to compare categorical data, with P G 0.05 (2-tailed) considered significant.
RESULTS
VPI Incidence
There were 29 cases of VPI observed in the study population, giving an overall VPI incidence of 14%. The incidence of VPI was 13% (23 of 183 patients) in the standard repair group, and 33% (6 of 18 patients) in the delayed repair group. This difference was significant (P = 0.03). None of the other patient characteristics (age, sex, and Veau type) were associated with the rate of VPI (Table 2) . 
VPI Diagnosis and Treatment
Of the 29 cases of VPI observed in this series, the diagnosis was made entirely based on clinical assessment over time in 23 cases. In 5 cases, nasal endoscopy was used as a diagnosis adjuvant, and in 1 additional case nasal endoscopy with video f luoroscopy was used to help with the diagnosis.
Two of the 29 cases of VPI in this series were only recently diagnosed at the time of this manuscript's preparation, and have not yet been treated. Of the remaining 27 cases, 24 were treated with a superiorly based posterior pharyngeal f lap, and 3 were treated with furlow palatoplasty.
The average time between primary palatoplasty and VPI surgery was 5.2 years among the 27 patients who have had VPI surgery to date (range, 1.9Y9.4 years).
Palatal Fistulae
Palatal fistula was observed in 9 patients (4% incidence). Three of these fistulae were pinhole sized and of no clinical significance. One of these 3 pinhole sized fistulae was repaired at the time of pharyngeal flap surgery for correction of VPI.
Five patients had large to medium-sized anterior fistulae which required repair at 5 months, 12 months, 16 months, 3 years, and 6 years, respectively. One patient with an anterior fistula was initially managed conservatively, but developed VPI; he was treated for both conditions with a Furlow palatoplasty which served to both close the fistula and lengthen the palate.
The rate of fistula formation was 6% in the delayed repair group and 4% in the standard repair group. This difference was not significant (P 9 0.05).
DISCUSSION Current Literature on Timing of Cleft Palate Repair
Historically, the main evidence to support the speech benefit of early cleft palate repair comes from 2 studies from the early 1980s. These studies have been instrumental in setting the standard of early cleft repair but lack the methodology rigor to be considered good evidence by modern standards. For example, the 1982 retrospective study of Dorf and Curtin 8 reports a dramatically higher rate of compensatory articulations (10% compared to 86%) in a late repair group versus an early repair group but does not mention selection criteria for the groups. The study also does not describe the age at which patients' speech was evaluated. It is unclear whether the 2 cohorts were treated by different surgeons or during different periods. The long-term relevance of compensatory articulations on ultimate speech outcomes is also unclear.
Meanwhile, Randall et al 9 compared patients whose clefts were repaired at 3 to 7 months of age to those whose clefts were repaired at 12 to 18 months of age (historic control). They reported a lower rate of VPI (24% vs 50%) in the early repair group compared to the late repair group. However, the number of patients in the late repair group is not mentioned, raising the question of whether the quoted VPI rate of 50% was a calculated value or an estimate of the institution's historic rate. Furthermore, patients in this study had as little as 2 years of follow-up for final speech evaluation, which is too early to exclude the diagnosis of VPI in many younger patients. In addition, the authors acknowledge that they exercised selection bias by only including the ''easier'' clefts in the early repair group.
The results of the first study of Kirschner et al 10 were repudiated by a second study out of the same institution 17 years later. In this study, patients undergoing early repair (3Y7 months, n = 40) were compared to those undergoing standard repair (after 7 months, n = 50) retrospectively. With a mean follow-up of 7.8 and 7.9 years, respectively, for the 2 groups, this study did not show any significant difference in speech outcomes (level III evidence). In fact, there was a nonsignificant trend toward higher rates of secondary pharyngoplasty for VPI in the early repair group (10% compared to 6%).
More recently, Sullivan et al 11 demonstrated a significant association between later age of repair and VPI requiring a pharyngeal f lap. In their retrospective review of 449 nonsyndromic patients undergoing palatoplasty, the authors found that, between 7.0 and 46.4 months of age, each additional month in age at palatoplasty was associated a 6% relative increase in the odds of developing VPI requiring a pharyngeal f lap. To the authors' knowledge, this was the first well-designed study to clearly document such an association (level II evidence).
There are a number of obstacles to generating better evidence for the optimal timing of cleft palate repair. Multiple factors, including repair technique, surgeon, timing, speech therapy regimen, and anatomy of the cleft may inf luence speech outcome. 5 Furthermore, speech outcomes can continue to change for years after the palatoplasty, with some patients improving up to and past 10 years of age. 12 The greatest challenge, however, is that, because repair before 18 months or earlier is widely accepted as the standard of care to optimize speech outcomes (despite the relative paucity of evidence to support this standard), it is not ethically possible to design a prospective study for evaluating the effect of late repair.
Internationally Adopted Patients With Cleft PalateVA Unique Population
Circumstances such as international adoption allow for natural observation of outcomes in patients undergoing repair after 18 months of age. Little is known about outcomes in this specific population, although recent authors have recognized that foreign-born adopted patients represent a unique subset of patients with cleft palate.
1,2 These patients face unique challenges and possibly disparate outcomes compared to native-born patients. One of these studies found a higher rate of fistula in adopted CP patients; however, the greater proportion of difficult-to-repair bilateral clefts in the adopted group may have confounded these findings. 1 Furthermore, in addition to delayed timing of repair, adopted patients and their parents must strive to develop new familial bonds and may also need to overcome language and cultural barriers, depending on the age of the patient.
Postoperative Speech Outcomes in Internationally Adopted Patients With Cleft Palate
In this study, patients in the delayed repair group had a rate of VPI that was twice as high as that of the standard repair group. With a mean follow-up of 9.3 years and a minimum follow-up of 5.0 years, this difference is both statistically and clinically significant. Our overall VPI rate of 14% is comparable to those seen in similar large series out of major centers. 11, 13 Besides timing of repair, the delayed repair and standard repair groups were similar in all other characteristics, including age, sex, presence of craniofacial syndrome, Veau type, cleft size, and cleft laterality. Although a larger sample size would be needed to draw more definitive conclusions, our findings seem to corroborate the widely held belief that repair after 18 months of age can be detrimental to speech outcomes.
The observed phenomenon of improved speech outcomes with earlier cleft repair can potentially be explained in terms of the stimulatory effect of an intact levator sling on palatal growth, as first proposed by Dellon.
14 According to this theory, the shortness of a repaired soft palate partially results from the lack of normal tensions on the palatal tissues from the absence of a normal levator veli palatini muscle insertion. If the palatoplasty is not performed at a young age, the normal tissue tensions continue to be absent, and there is a relative lack of stimulus for the palate to grow in the transverse dimension. When the palatal repair is eventually performed at an older age, greater recruitment of tissue from the longitudinal dimension is necessary, and the resulting repair cleft palate is shorter. The shorter palate is less able to create a functional seal with the posterior pharyngeal wall, and VPI results.
Other nonphysiologic factors may also play a role in VPI development. Children that are repaired at later ages may have already adapted to their cleft palates and may take time to adapt to new speech sounds once repaired. In the case of foreign-born adopted children, patients may need to overcome language and cultural barriers that could potentially impede the progress of speech therapy.
Regardless of the exact etiology for our observations, the finding of inferior speech outcomes in children undergoing delayed cleft palate repair is particularly relevant for the internationally adopted patient community. As other authors have mentioned, there has been some debate over whether adopted children and their new families should be given ample time to bond before the first corrective operation for cleft lip/palate. 1 Our findings suggest that it may be worthwhile to advocate for prompt repair in these patients. Despite concerns that a surgical procedure might disrupt early familial bonding, the contrary may also be true, as earlier repair can allow for better communication and interaction between parent and child. For example, a study on early lip repair versus late lip repair just 3 to 4 months postpartum showed that mothers in the late repair group were less sensitive to cues from their child; these mother-child interactions were directly correlated with infant cognitive functioning. 15 It is likely that earlier adaptation to normal speech can similarly greatly benefit the social development and adaptation of the patient to his or her new surroundings.
At our institution, our practice has changed based on our findings. Whereas families were formerly often given an adjustment period to bond with the adopted child, we are now somewhat more aggressive in advocating for early repair to maximize speech benefits.
Limitations
The greatest limitation of this report is the fact that it represents work from 2 different surgeons, performing different techniques during a 13-year period. Furthermore, because multiple factors, including social and other nonphysiologic factors, may account for differences between the standard-repair and delayed-repair groups, it is difficult to draw a simple conclusion about the impact of timing of cleft palate repair alone on outcomes. However, our observation of inferior speech outcomes in delayed-repair patients provides some evidence for recommending early repair when possible. More studies will be needed to better understand outcomes in the internationally adopted patient community.
